AP® CHEMISTRY
2010 SCORING GUIDELINES

Question 1
(10 points)

Several reactions are carried out using AgBr, acream-colored silver salt for which the value of the solubility-
product-constant, Ky, is 5.0 x 1013 at 208 K.

(@) Write the expression for the solubility-product constant, K, of AgBr.

One point is earned for the correct expression (ion charges must be

Ko = [AGT[BI] present; parentheses instead of square brackets not accepted).

(b) Calculatethe value of [Ag*] in50.0 mL of asaturated solution of AgBr at 298 K.

One point is earned for the correct

value with supporting work (units not
Then K, =50x108 = ¥ = x = 7.1x10'M necessary).

Let x = equilibrium concentration of Ag* (and of Br~).

(c) A 50.0 mL sample of distilled water is added to the solution described in part (b), which isin abeaker with
some solid AgBr at the bottom. The solution is stirred and equilibrium is reestablished. Some solid AgBr
remainsin the beaker. Isthe value of [Ag*] greater than, less than, or equal to the value you calculated in
part (b) ? Justify your answer.

The value of [Ag™] after addition of distilled water is equal
to the value in part (b). The concentration of ionsin solution | One point is earned for the correct
in equilibrium with a solid does not depend on the volume of answer with justification.

the solution.

(d) Calculate the minimum volume of distilled water, in liters, necessary to completely dissolve a’5.0 g sample
of AgBr(s) at 298 K. (The molar mass of AgBr is 188 g mol™.)

1 mol AgBr One point is earned for the calculation
5.0g AgBr x 188 gAQBr 0.0266 mol AgBr of moles of dissolved AgBr.
%(Smol =71%x10"mol L™t = V = 3.7x10* L One point is earned for the correct

answer for the volume of water

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com



AP® CHEMISTRY
2010 SCORING GUIDELINES

Question 1 (continued)

(e) A student mixes 10.0 mL of 1.5 x 104 M AgNO; with 2.0 mL of 5.0 x 104 M NaBr and stirs the resulting
mixture. What will the student observe? Justify your answer with cal culations.

_ (10.0mL)(1.5x 107 M) One point is earned for calculation

+ _ —4
[Ag’] 12.0mL =13x10"M of concentration of ions.
_4 Lo .
[Br] = (20mL)(5.0x107"M) _ 83 %1075 M One point is earngd for calculation
12.0 mL of Q and conclusion based on

Q =[Ag'][Br ] = (1.3x10*M)(83%x10°M) = 1.1x 1078 comparison between Q and K.

One point is earned for indicating the

11x10°® > 50x 107", .. aprecipitate will form. precipitation of AgBr.

(f) Thecolor of another salt of silver, Agl(s), isyellow. A student adds a solution of Nal to atest tube
containing a small amount of solid, cream-colored AgBr. After stirring the contents of the test tube, the
student observes that the solid in the test tube changes color from cream to yellow.

(i) Write the chemical equation for the reaction that occurred in the test tube.

AgBr(s) +17(ag) — Agl(s) + Br(aq)
OR One point is earned for the correct equation.
AgBr(s) + Nal(aq) — AgI(s) + NaBr(aq)

(i) Which salt hasthe greater value of Kg,: AgBr or Agl ? Justify your answer.

AgBr hasthe greater value of Kg,. The precipitate will consist of

the less soluble salt when both 17(ag) and Br-(aqg) are present.
Because the color of the precipitate in the test tube turns yellow, it
must be Agl(s) that precipitates; therefore Ky, for AgBr must be

greater than Ky, for Agl. One point is earned for the correct

OR choice with justification.

Kg of AgBr
Kep Of Agl
Agl forms, Ky, > 1; therefore Ky, of AgBr > K, of Agl.

Keq for the displacement reaction is Because yellow
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CHEMISTRY ]
A Section IT
[otal time—95 minutes)

Part A
Time—55 minutes
YOU MAY USE YOUR CAUCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to s1gmﬁcant figures.

Be sure to write all your answers to the questions on the lined pages following each questlon in the booklet with the
pink cover. Do NOT write your answers on the green insert.

Answer Questions 1, 2, and 3. The Section II score weighting for each question is 20 percent.

1.

Several reactions are carried out using AgBr, a cream-colored silver salt for which the value of the solubility-
product constant, K, is 5.0 x 107 at 298 K.

(a) Write the expression for the solubility-product constant, K_, of AgBr.

(b) Calculate the value of [Ag*] in 50.0 mL of a samrated solution of AgBr at 298 K.

(c) A 50.0 mL sample of distilled water is added to the solution described in part (b), v';hich is in a beaker with
some solid AgBr at the bottom. The solution is stirred and equilibrium is reestablished. Some solid AgBr
remains in the beaker. Is the value of [Ag*] greater than, less than, or equal to the value you calculated in
part (b) ? Justify your answer. ' »

(d) Calculate the minimum volume of distilled water, in liters, necessary to completely dlssolve a'5.0 g sample
of AgBr(s) at 298 K. (The molar mass of AgBr is 188 g moI™.)

(e) A student mixes 10.0 mL of 1.5 x 1074 M AgNO; with 2.0 mL of 5.0 x 10~* M NaBr and stirs the resulting
mixture. What will the student observe? Justify your answer with calculations. -

(f) The color of another salt of silver, Agl(s), is yellow. A student adds a solution of Nal to a test tube
containing a small amount of solid, cream-colored AgBr. After stirring the contents of the test tube, the
student observes that the solid in the test tube changes color from cream to yellow.

(i) Write the chemical equation for the reaction that occurred in the test tube.
(i) Which salt has the greater value of K AgBr oor Agl? Jusufy your answer.

Kooz [Ag"] (0] ]

6 GO ON TO THE NEXT PAGE.
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CHEMISTRY
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(Total time—95 minutes)

~ PartA
Time—S55 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
Itlstoyouradvantage to do this, since you may obtain partial credit if you do andyou wﬂlrecelvehtﬂe or no credit if
you do not. Attention should be pa1d to s1gmﬁcant ﬁgmes

Be sure to write all your answers to the’ quesuons on the lined pages followmg each question in the booklet with the
pmk cover. Do NOT write your ansWers on' the green insert.

Answer Questions 1, 2, and 3. The Secuon ]I score weighting for each question is 20 percent

1. Several reactxons are camed out. usmg AgBr a cream-colored silver salt for which the value of the solubility-
product constant, K 185, 0x 1(r13 at298 K.

(a) Write the éxpﬁss;ion forthe g@lubility—product constant, K_, of AgBr.

-

[A; 1) ] SQ_O mL/of a saturated solution of A‘gBr af 2982 K.

(c) A 50.0 mL sampIe ot;@;&smm__r_ is added to the solution described i int part (b), whtich is in a beaker with
some sohd AgBr af the botto_n_L The solution is stirred and equilibrium is reestablished. Somé solid AgBr
' "value of [Ag"] ggggte;r than, less than, orequal to the value you calculated in

(d) Calculate tlig,gl_i_x_l_immn volume of distilled water, in liters necessary "’fééi.é‘;;iéély dig;éolv‘e“ '5'fo é sample )
/Gnggr‘(;) at 298 K. (The molar mass of AgBr DI :
L Ag 293K

< (e) Astudentmlxes 10.0 mL of 1 5x 1074 M AgN03 with 2.0 mL of 5.0 x 104 M NaBr andsurstheresulung
What w111 the student observe? Justify your answer w1th calculauons

(f) The color of another salt of silver, Agl(s), is yellow. A student adds a solutlon of NaI to a test tube
containing a small amount of solid, cream-colored AgBr. After stirring the contents of the test tube, the
student observes that the solid in the test tube changes color from cream to yellow.

(i) Write the chemical equation for the reaction that occurred in the test tube.
_ (ii) Which salt has the greater value of K,p. AgBr or Agl ? Justify your answer. .

| § 106 ) |
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Question 1
Overview

This question assessed the students’ knowledge and skills concerning the concept of the equilibria that exist
with slightly soluble salts. Parts of the question were mathematical and parts were conceptual in nature. In
parts (a) and (b) students were required to write the correct K, expression of AgBr and then calculate the
[Ag™] using the K, provided. In part (c) students had to recognize that the [Ag"] remains constant in a
saturated solution after the addition of water when solid AgBr remains after equilibrium is reestablished. Part
(d) required students to calculate the minimum volume of water necessary to completely dissolve 5.0 grams of
AgBr. Students had to convert grams to moles and then divide this answer by the molarity of the silver ion
calculated in part (b). In part (e) students were expected to recognize that a precipitate of AgBr would occur.
First, students had to calculate the concentration of Ag™ and Br~ ions present when AgNO,; and NaBr
solutions were mixed, solve for O, and, finally, compare the Q value to the given K, Part (f)(i) required
students to write a balanced chemical equation that represents the formation of silver iodide when an
aqueous solution of sodium iodide is mixed with solid silver bromide. Part (f)(ii) asked students to draw the
conclusion that AgBr had a greater K;p than Agl based on the laboratory evidence given.

Sample: 1A
Score: 10

This response earned all 10 points: 1 point for part (a), 1 point for part (b), 1 point for part (c),
2 points for part (d), 3 points for part (e), 1 point for part (f)(i), and 1 point for part (f)(ii).

Sample: 1B
Score: 8

In part (d) this response earned the first point for calculating moles of AgBr but did not earn the second
point for volume. In part (e) the response did not earn the point for calculating the concentration of the

[Ag®] and [Br] ions in solution. The response earned the other 2 possible points for the O vs. ./'(Sp
argument with the appropriate conclusion.

Sample: 1C
Score: 6

In part (d) this response earned the first point for calculating moles of AgBr but did not earn the second
point for volume. In part (e) the response earned 1 point for recognizing that a AgBr precipitate would
form. In part (f)(ii) the response did not earn the point when Agl was chosen to have the higher K,
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